l Table 3 l Figure 1 l Table 4 Abstract Recent neuropathologic autopsy studies found that 15 to 25% of elderly demented patients have Lewy bodies (LB) in their brainstem and cortex, and in hospital series this may constitute the most common pathologic subgroup after pure Alzheimer's disease (AD).The Consortium on Dementia with Lewy bodies met to establish consensus guidelines for the clinical diagnosis of dementia with Lewy bodies (DLB) and to establish a common framework for the assessment and characterization of pathologic lesions at autopsy. The importance of accurate antemortem diagnosis of DLB includes a characteristic and often rapidly progressive clinical syndrome, a need for particular caution with neuroleptic medication, and the possibility that DLB patients may be particularly responsive to cholinesterase inhibitors. We identified progressive disabling mental impairment progressing to dementia as the central feature of DLB. Attentional impairments and disproportionate problem solving and visuospatial difficulties are often early and prominent. Fluctuation in cognitive function, persistent wellformed visual hallucinations, and spontaneous motor features of parkinsonism are core features with diagnostic significance in discriminating DLB from AD and other dementias. Appropriate clinical methods for eliciting these key symptoms are described. Brainstem or cortical LB are the only features considered essential for a pathologic diagnosis of DLB, although Lewy-related neurites, Alzheimer pathology, and spongiform change may also be seen. We identified optimal staining methods for each of these and devised a protocol for the evaluation of cortical LB frequency based on a brain sampling procedure consistent with CERAD. This allows cases to be classified into brainstem predominant, file://C:\Documents an...\Ovid McKeith Neurology, Volume 47(5)_November 1996_1113-1124.ht 7/6/2001 limbic (transitional), and neocortical subtypes, using a simple scoring system based on the relative distribution of semiquantitative LB counts. Alzheimer pathology is also frequently present in DLB, usually as diffuse or neuritic plaques, neocortical neurofibrillary tangles being much less common. The precise nosological relationship between DLB and AD remains uncertain, as does that between DLB and patients with Parkinson's disease who subsequently develop neuropsychiatric features. Finally, we recommend procedures for the selective sampling and storage of frozen tissue for a variety of neurochemical assays, which together with developments in molecular genetics, should assist future refinements of diagnosis and classification. NEUROLOGY 1996; 47: 1113-1124 Dementia research during the last decade has revealed a complex pathologic and clinical heterogeneity. Neurodegeneration associated with Alzheimer's disease (AD) probably accounts for 50 to 60% of cases of dementia in elderly patients, and vascular dementia (VaD) has until recently been considered responsible for most remaining cases, occurring either alone or in association with AD. [1] To improve diagnostic reliability and validity, operationalized criteria have been developed for these pathologic subtypes and for the clinical syndromes associated with them (e.g., NINCDS-ADRDA [2] and NINDS-AIREN [3] ). These concepts have shaped the clinical nosology of the dementias as currently described in DSM-IV [4] and ICD 10, [5] but these systems do not incorporate recent findings that dementia with Lewy bodies may, in fact, account for a substantial proportion of elderly demented cases.
Dementia with Lewy bodies.
Recent neuropathologic autopsy studies [6] [7] [8] [9] [10] reported the additional findings of Lewy bodies (LB), in the brainstem and cortex of elderly demented patients, and in most series they have been seen in 15 to 25% of all cases, constituting the largest pathologic subgroup after pure AD. LB are intracytoplasmic, spherical, eosinophilic neuronal inclusion bodies, previously identified in subcortical nuclei as one of the hallmarks of idiopathic Parkinson's disease (PD). Cortical LB are less well circumscribed and may be difficult to recognize using conventional staining methods but are more readily visualized with antiubiquitin immunocytochemical detection. [8] The areas of predilection for LB are brainstem, subcortical nuclei, limbic cortex (cingulate, entorhinal, amygdala), and neocortex (temporal > frontal = parietal). [7, 11] Some Alzheimer pathology, [7, 9] predominantly beta amyloid deposition and diffuse plaque formation, [10] is a common feature of most, but not all, demented cases with cortical LB. Neocortical tangles are, however, seen in only a minority, [12] and histological and biochemical markers of paired helical filaments and abnormally phosphorylated tau are significantly reduced compared with AD. [13] Differing interpretations of the relative significance of LB and Alzheimer pathology have led to various terminologies being applied to these cases, including LB variant of AD, [9] AD with PD changes, [14] dementia associated with cortical LB, [15] diffuse LB disease, [6, 10, 11] and senile dementia of LB type (SDLT). [7] These terms probably describe similar groups of patients with a degree of clinical and neuropathologic variation attributable to referral based sampling biases. The Consortium recommends "Dementia with Lewy bodies" (DLB) as a generic term for these cases, because it acknowledges the presence of LB without specifying their relative importance in symptom formation with respect to other degenerative or vascular pathology that is simultaneously present. were based on retrospective autopsy proven case note reviews. [7] These early operationalized criteria [15, 16] proposed that the key symptoms suggestive of DLB rather than AD are fluctuating cognitive impairment with episodic delirium; prominent psychiatric symptoms, especially visual hallucinations; and extrapyramidal features (parkinsonism) occurring either spontaneously or as part of an abnormal sensitivity to neuroleptic medication. [17] The importance of accurate antemortem clinical diagnosis of DLB includes the ability to recognize and predict a characteristic and often rapidly progressive clinical syndrome, the need for particular caution with neuroleptic medication, its high prevalence in several hospital-based (as yet unassessed in community-based) samples, and the possibility that DLB patients may account for a significant proportion of responders to cholinesterase inhibitors. [18] A common framework for the assessment and characterization of pathologic lesions at autopsy is similarly necessary. The following guidelines are based on a 2-day workshop during which researchers presented data and formulated consensus criteria for the clinical and pathologic diagnosis of DLB and identified future research objectives.
Clinical diagnostic criteria for dementia with Lewy bodies.
( Table 1) proposes clinical diagnostic criteria that predict with high likelihood that dementia is associated with cortical LB. These represent a refinement of earlier criteria proposed for dementia with cortical LB [15] and for SDLT. [16] They are potentially applicable to patients with idiopathic PD who subsequently develop dementia. They do not exclude the presence of concomitant Alzheimer pathology, and some patients may simultaneously meet guidelines for the pathological and clinical diagnosis of AD. This leads to a global dementia, sometimes over a period of months but more commonly over several years. The demonstration of impaired cognition by formal testing of mental status is an essential component in establishing the diagnosis. Symptoms of prominent or persistent memory impairment are not always present early in the course of DLB but are likely to develop in most patients with disease progression. Because most existing criteria for the dementia syndrome [4, 5] have been developed in relation to AD, they require short-term memory impairment and may not therefore identify the early stages of DLB. A broader definition of dementia is required to detect these cases. DLB cases may be particularly impaired on tests of memory retrieval, in contrast to AD where the major deficit lies in memory acquisition and consolidation. DLB patients also show attentional deficiencies resembling those reported for PD. [19] Although brief tests of mental status or a clinician's bedside testing may confirm the presence of cognitive impairment, they may lack sufficient detail to discriminate DLB from AD or other dementias. Detailed psychometric testing may reveal a profile of deficits that helps to identify DLB. The presence of prominent deficits on tests of executive function and problem solving, [20] such as the Wisconsin Card Sorting Test, the Trail Making Test, and verbal fluency for categories and letters, may be useful clinical diagnostic indicators of DLB, as may disproportionate impairment on tests of visuospatial performance such as block design, clock drawing, or copying figures. With the progression of dementia, the selectivity of this pattern may be lost, making differential diagnosis based on clinical examination difficult during the later stages, when deficits in memory, language, and other cognitive skills frequently overlap with those seen in AD. Personal and social function and performance in daily living skills may be markedly impaired, even in the early stages, by a combination of cognitive and neurologic disability. Progression may be rapid (1 to 5 years), to an end stage of profound dementia and parkinsonism, although in other cases the course often resembles that of AD. Men may be more susceptible to DLB [6, 11, 16] and have a worse prognosis than women.
Core features.
At least one of the following three core features must be present for making a clinical diagnosis of DLB, when they occur in conjunction with the dementing syndrome previously described. Occurring alone, each of these features may be associated with a range of conditions other than DLB. The use of two or more core features for a diagnosis of probable DLB will confer higher diagnostic specificity (low false-positive diagnosis rate) and may be suitable for most research applications. A requirement for only one core feature for a diagnosis of possible DLB, may be more appropriate for use in clinical practice, with a relatively higher sensitivity (true positive rate).
Fluctuation.
Fluctuation in cognitive function [16, 21] is common in DLB. In the earliest stages, patients may show deficits of cognitive function and global performance that alternate with periods of normal or nearnormal performance. Fluctuation also includes and indeed may be based on pronounced variations in attention and alertness. Excessive daytime drowsiness with transient confusion on waking is not uncommon and may be accentuated by an unstimulating environment. In contrast, DLB patients may show improved performance in response to environmental novelty and increased arousal (sometimes confounding formal cognitive testing), but these effects are usually only short lived.
The periodicity and amplitude of fluctuations are variable, both between subjects and within the same individual. They are described as occurring rapidly (lasting minutes or hours), as well as slower (weekly or monthly) variations. Substantial changes in mental status and behavior may therefore be seen both within the duration of a single interview and/or between consecutive examinations. No typical diurnal pattern of fluctuation has been identified in DLB. Some patients identify the variable cognitive state themselves, but generally the most productive approach to identifying fluctuation is via a reliable informant. Diary keeping is a useful strategy, similar to that successfully used to measure motor fluctuations in PD. Minor day to day or diurnal/nocturnal variations (sundowning) commonly occur in most patients with dementia of any etiology and are familiar to experienced clinicians and caregivers of demented subjects. These mild fluctuations should not be accorded particular significance in the differential diagnosis of DLB.
Caregivers also frequently report on DLB patients' somnolence, their reduced awareness of surroundings, and the confusion associated with this. Episodes of going blank or "switching off" are particularly suggestive of DLB, if other systemic and pharmacologic causes of disturbed consciousness have been excluded. The other extreme of fluctuation, often reported by DLB (but seldom by AD) caregivers, are periods of apparent spontaneous remission during which recall of recent information is evident and other cognitive functions may briefly return. considered mandatory for the diagnosis of DLB (as it is in the Newcastle criteria for SDLT [16] ), but it has been retained as a core feature with considerable diagnostic weight.
Visual hallucinations.
Visual hallucinations (VH), typically recurrent, formed, and detailed, have been described by most groups investigating DLB, [7, 15, 16, 22] and this appears to be the only psychotic symptom that reliably discriminates it from AD or VaD. [23, 24] Hallucinations in other modalities, particularly auditory, may also occur in DLB but do so less frequently. There is considerable overlap between true visual hallucinatory symptoms (in the absence of an adequate external stimulus) and other perceptual disorders, including misidentification syndromes and visual agnosias. [23] Patients may describe such experiences occurring simultaneously, for example, seeing faces emerging out of the patterns on chair cushions or hidden amongst trees and flowers at the same time as figures are observed against a blank background. Typical themes are of people and animals intruding into the patient's home, but inanimate objects are also seen and abstract perceptions such as writing on walls and ceiling are not unusual. The images are characteristically seen (and described) in considerable detail. Emotional responses vary through fear, amusement, or indifference, and a degree of insight into their unreality is often present. The relative balance between response and insight will dictate the need for antipsychotic treatment, which can be hazardous due to neuroleptic sensitivity. VHs may particularly occur during periods of diminished consciousness. They are exacerbated by visual impairment, probably as a consequence of selective sensory deprivation, and may be temporarily relieved by increased environmental stimulation such as occurs during a clinical interview or after a move into group living.
The precise descriptions of VH in DLB are similar to those described in association with delirium due to systemic disturbance and also to those caused by anticholinergic toxicity; they differ from perceptual disturbances produced by other hallucinogens (e.g., LSD). It is the persistence of VH in DLB [24] that helps to distinguish them from the episodic perceptual disturbances that occur transiently in dementias of other etiology or during a delirium provoked by systemic illness. The role of antiparkinsonian medication in precipitating and perpetuating the confusional and hallucinatory symptoms typical of DLB has not been systematically investigated. Confusional symptoms that do not recede, or clear only slowly, after withdrawal of medication in PD patients may be harbingers of subsequent progressive cognitive decline and dementia. [25] Motor parkinsonism.
Spontaneous motor features of parkinsonism, typically mild, are the third core feature of DLB. Rigidity and bradykinesia are the usual extrapyramidal symptoms, [26] while other common findings are hypophonic speech, masked facies, stooped posture, and a slow and shuffling gait. Resting tremor is less common, especially in older individuals. The order of onset of mental and motor symptoms is variable, particularly in older patients who often present a complex admixture of extrapyramidal and mental symptoms of almost simultaneous onset. It is suggested that if dementia occurs within 12 months of the onset of extrapyramidal motor symptoms, the patient should be assigned a primary diagnosis of possible DLB, and this will be strengthened by the presence of additional core or supportive features. If the clinical history of parkinsonism is longer than 12 months, PD with dementia (clinically DLB or other) will usually be a more appropriate diagnostic label (see Discussion). Unlike idiopathic PD in which motor response to levodopa is almost universal, a smaller, but as yet undetermined, proportion of DLB cases appear to show motor improvement, and levodopa responsiveness is not therefore necessary to support the diagnosis. In advanced AD and other dementias, parkinsonian signs may also be found, and in the terminal stages, paraplegia in flexion may occur. Parkinsonism appearing for the first time late in the course of a dementia is therefore consistent with a diagnosis of DLB but not specific for it. Neuroleptics, even at low doses, may induce parkinsonism in elderly or demented patients. DLB may be distinguished from drug-induced parkinsonism by persistence of motor symptoms after withdrawal of neuroleptics. Severe sensitivity to the adverse effects of neuroleptics also appears characteristic of DLB (see below). Severe parkinsonism spontaneously occurring in DLB may carry a particularly poor prognosis.
Supportive features.
A variety of additional clinical features have been included in preliminary reports of autopsyconfirmed DLB [7] but have not yet been demonstrated to have sufficient diagnostic specificity to merit core symptom status. Those considered of sufficient importance to warrant mention as supportive of a diagnosis of DLB are listed.
Repeated falls, syncope, and transient losses of consciousness.
Dementia of any etiology is probably a risk factor for all three clinical features, and it can be difficult to clearly distinguish between them, even when an "event" has been witnessed by a trained observer. Repeated falls may be due to posture, gait, and balance difficulties, particularly in patients with parkinsonism.
Syncopal attacks in DLB with complete loss of consciousness and muscle tone [16] may represent the extension of LB associated pathology to involve the brainstem and autonomic nervous system. Focal neurologic signs and symptoms do not generally appear in conjunction with these episodes, aiding in their discrimination from transient ischemic attacks. The associated phenomenon of transient episodes of unresponsiveness without loss of muscle tone may represent one extreme of fluctuating attention and cognition.
Neuroleptic sensitivity.
A severe adverse reaction to standard neuroleptic medication [17] may be an important indicator of underlying LB disorder but is of more importance in management than in the diagnostic process, especially if neuroleptic prescribing is routinely and desirably avoided in patients suspected of having DLB.
Systematized delusions and hallucinations in other modalities.
Delusional themes in DLB are usually based on recollection of hallucinations and other perceptual disturbances. They consequently have a fixed, complex, and bizarre content that contrasts with the mundane and often poorly formed persecutory ideas often encountered in AD patients, which are based on forgetfulness and confabulation. Auditory, olfactory, and tactile hallucinations, although substantially less common than visual perceptual disturbances, may be important features in some DLB cases and lead to initial diagnoses including temporal lobe epilepsy or delusional disorder (late paraphrenia). The identification of stroke disease, physical illness, or other brain disorder that may explain the clinical presentation is a necessary part of the evaluation of any demented patient. The general principles of clinically led examination and investigation detailed by the NINCDS-ADRDA working group [2] for the diagnosis of AD are equally applicable here.
Although the presence of any of these features makes a diagnosis of DLB less likely, comorbidity is not unusual in elderly patients and DLB should not be excluded simply on this basis. Inexperienced clinicians are significantly more likely to underdiagnose DLB due to overinterpretation of previous or coexisting medical problems. [27] VaD may be suspected and should be excluded using clinically and radiologically based criteria. [3] The development of myoclonus in patients with a rapidly progressive form of DLB may lead the clinician to suspect Creutzfeldt-Jakob disease. In patients with intermittent delirium, appropriate examination and laboratory tests should be performed during the acute phase to maximize the chances of detecting infective, metabolic, inflammatory, or other etiologic factors. The importance of medication (prescribed or proprietary) in causing or exacerbating cognitive, hallucinatory, motor, or behavioral symptoms in elderly individuals, particularly those with cerebral dysfunction of any etiology, should not be overlooked. Drugs with anticholinergic or catecholaminergic effects are particularly, but not exclusively, implicated.
Clinical methods.
DLB patients may present to psychiatry (cognitive impairment, psychosis, and behavioral disturbance), internal medicine (acute confusional states and syncope), or neurology (parkinsonism or disturbed consciousness) services. The details of clinical assessment will to some extent be shaped by these symptom and specialty biases. A detailed history from patient and reliable informants should document the time of onset of key symptoms, the nature of their progression, and their effects on social, occupational, and personal function. Specific enquiry should be made about cognitive, psychiatric, and neurologic features in all cases. Questions such as "are there episodes when his/her thinking seems quite clear and then becomes muddled?" may be useful probes to establish the presence of fluctuating cognition.
Full mental state examination is essential and should include standardized tests of memory, attention, visuospatial ability, and executive function. Attentional impairments and hallucinations are much more likely to be recorded if the patient is observed passively, such symptoms being prone to diminish or disappear during a structured conversational interview. Formal psychometric testing may help to demonstrate a characteristic profile of cognitive deficits, particularly in the earlier stages. A careful search for extrapyramidal features should be part of a general neurologic examination. The use of a standardized scoring system for parkinsonian features may be particularly useful for research purposes and longitudinal assessment. The requirements for a full medical history, physical examination, and appropriate investigation have been discussed in considering exclusion features.
Special investigations.
There are as yet no definitive data about specific abnormalities on special investigation that confirm a diagnosis of DLB. Structural brain imaging using CT or MRI may show generalized cortical atrophy, and prominent frontal lobe changes have been suggested in a small number of cases. [28] Cerebral blood flow visualized using single photon emission tomography appears to be reduced with a similar pattern to file://C:\Documents an...\Ovid McKeith Neurology, Volume 47(5)_November 1996_1113-1124.ht 7/6/2001 that seen in AD, and EEG shows early generalized background slowing with abnormal transients in the temporal lobes or frontally dominant burst patterns. [29] Although no specific genetic markers have been identified, both the alipoprotein epsilon 4 [30] and debrisoquine oxidase CYP2D6B [31] alleles appear with increased frequency in DLB. epsilon 4 allele frequency is also raised in pure AD but not in PD cases without dementia [32] ; CY2D6B appears to be overrepresented in PD [33] but not AD. [31] The likelihood of future developments in molecular genotyping justifies routine DNA archiving with appropriate consents.
Pathologic assessment and diagnostic criteria for DLB
Pathologic features associated with DLB.
Pathologic features associated with DLB are summarized in Table 2 . LB are the only essential feature in the pathologic diagnosis of DLB; other features (e.g., plaques and neuron loss) are apparent in most but not all cases. 
Morphology of the LB.
Classic LB are spherical intracytoplasmic eosinophilic neuronal inclusion bodies but may be located extracellularly and be multilocular or fusiform in shape. The terms "brainstem" or "classic" Lewy body apply to inclusions with a hyaline core and pale halo typically seen in nigral and locus coeruleus neurons. The term "cortical Lewy body" refers to less well-defined spherical inclusions seen in cortical neurons. The term "pale body" describes the more granular eosinophilic inclusions lacking a halo, found in brainstem neurons that are often associated with LB disease and may have a precursor role in LB formation. [34] Immunohistochemical and protein chemistry studies suggest that LB are composed predominantly of low-molecular-weight neurofilaments accompanied by medium-or high-molecularweight forms. [35] Both phosphorylated and nonphosphorylated neurofilament epitopes may be present and cross-linking of constituent protein(s) probably produces the dense hyaline core. The term file://C:\Documents an...\Ovid McKeith Neurology, Volume 47(5)_November 1996_1113-1124.ht 7/6/2001 "constitutional protein" describes the underlying structural (neurofilament) component of LB, and the term "associated protein" other constituents demonstrated by immunohistochemistry such as crystallin, ubiquitin, and enzymes of the ubiquitin cycle. Tau protein is not found in LB by conventional immunostaining, [13] and this distinguishes cortical LB from small spherical tangles. More detailed biochemical characterization of LB and their pathobiology are important research objectives.
Identification of LB.
Both cortical and subcortical LB occur in DLB. [6] [7] [8] [9] [10] Classic LB in the brainstem are usually readily recognized in the substantia nigra and locus coeruleus. A careful search, however, may be required to identify LB in these nuclei, particularly in those cases with little or no neuron loss. Identification of cortical LB is usually performed after brainstem LB have been found but may be complicated by (i) the presence of severe Alzheimer changes and age-related pathology -in these cases identifying spherical inclusions as LB requires particular (ubiquitin and tau) staining techniques [8, 13] and careful histologic assessment to distinguish LB from tangles; (ii) the need to distinguish cortical LB from small ballooned neurones by noting their absence of cellular extension, the lack of prominent vacuolation, and by using anti-neurofilament antibodies; and the relative sparsity of cortical LB in most DLB cases.
The most appropriate histologic stain(s) for brainstem LB is H-E and for cortical LB H-E and/or ubiquitin (using tau immunostaining to distinguish cortical LB from small tangles). Other less-established staining methods for LB include the Campbell Switzer silver stain [36] and certain antineurofilament antisera. The need for a more specific and sensitive marker for cortical LB remains as an important future research objective. Recommended brain areas for sampling and evaluation of LB density are incorporated into the guidelines (see below) and Table 3 . The assessment of substantia nigra neuronal loss should follow CERAD [39] protocols (section G, subcortical changes). Table 3 .A Guidelines for brain sampling ----- Table 3 
Lewy-related neurites.
Lewy-related neurites (LRN) are a distinctive part of LB pathology [10, [36] [37] [38] representing a neurofilament abnormality in which the proteins are present as a diffuse aggregate that does not contain crystallin. The chemistry of protein interaction(s) giving rise to LRN suggest less covalent cross-linking than in LB. LRN are invisible using conventional H-E staining but highlighted by ubiquitin staining. They occur in the hippocampus (CA2/3 region), amygdala, nucleus basalis of Meynert, dorsal vagal nucleus, and other brainstem nuclei. In neuropathologic assessments, the presence of Lewy neurites in the hippocampus and/or nucleus basalis of Meynert should be documented but not quantified.
Alzheimer pathology.
Although some cases of DLB have no or little Alzheimer pathology, it is a common feature of most cases. The CERAD [39] protocol provides an appropriate semiquantitative measure of Alzheimer changes for general clinical-pathologic correlations. Plaque types in DLB should be subclassified as (i) diffuse, (ii) neuritic plaques with tau positive neurites, (iii) neuritic plaques with tau-negative ubiquitinpositive neurites, and (iv) optionally further categorized according to A4 immuno-reactivity.
The precise nosological relationship of DLB and AD remains an unresolved issue. [26] If one takes the view that the pathologic diagnosis of AD can be made solely on the presence of numerous neocortical plaques, then this would suggest that most cases of DLB are variants of AD. [40] However, if one considers that the presence of neocortical tangles and tau-immunoreactive neuritic plaques [41] is necessary for a pathologic diagnosis of AD, then a much smaller proportion of DLB cases are classifiable as AD. Both neocortical and archicortical plaque and tangle density were believed by the workshop participants to be relevant in this distinction. The precise terminology used by individual groups in relation to AD is considered less important in practice than the need to establish a common protocol for assessing and evaluating pathologic lesions in DLB.
Spongiform change (microvacuolation).
This abnormality is a feature of some DLB cases [42] and occurs mainly in temporal cortex. It may relate to the severity of the disease. Although similar to spongiform change in Creutzfeldt-Jakob and prion-related diseases, there is no evidence that DLB is a transmissible disorder or linked to abnormal prion protein.
Synapse loss.
The evaluation of synaptic density using immunochemical staining for synaptophysin and other related proteins is relevant to the pathophysiologic basis of dementia in DLB, but its assessment does not form part of the routine assessment of DLB cases.
Vascular and other pathologies.
Assessment of vascular pathology should follow CERAD [39] recommendations for vascular disease (section D, gross findings), particularly those related to the distribution and size of infarcts (section 3, c and d). CERAD protocols should also be followed for other pathologies (e. Guidelines for brain sampling, evaluation of LB distribution, and frequency and diagnostic rating protocol.
Areas for sampling the cerebral cortex [43] at appropriate coronal levels are outlined in Figure 1 A protocol for the evaluation of LB frequency in five cortical regions is outlined in Table 3B . The numerical scoring system recommended differs slightly from the semiquantitative severity rating system generally adopted in CERAD (0, absent; 1, mild; 3, moderate; 5, severe). CERAD does not rate LB frequencies.
The Consortium agreed, based on the original work of Kosaka, [6, 11, 44] to divide cases into three main subtypes Table 3C according to the relative distribution of LB in the brainstem, limbic, and neocortical regions. (If CERAD-type severity scores are used such that >5 LB/area is scored as 3 [moderate severity], the total range scores become brainstem 0 to 2, limbic 3 to 8, and neocortical 9 to 15 [see Table 3C ].) These divisions will form the basis of clinicopathologic correlative studies to determine if they relate to clinical subtypes.
Neurochemical assessments.
Collection of frozen brain tissue from DLB cases for biochemical analysis is recommended where possible on selected cortical areas, with striatum as an additional option Table 4 . Although there are not yet specific chemical markers for the presence of LBs, there is evidence that neocortical cholinergic transmitter activities are lower in DLB than AD. [45] [46] [47] Such activities include the enzymes choline acetyltransferase and acetylcholinesterase. There is also evidence in DLB for impaired monoaminergic neurotransmission in the striatum [46, 48] and abnormalities in dopamine receptors relating to neuroleptic drug response. [49] These neurochemical indices can be measured using standard assays in gray matter from small (<1g) cortical samples, removed from the intact or sectioned hemisphere and frozen. For other transmitter analysis, including monoamines, metabolites, transporters or receptor, mRNA, rigid freezing protocols need to be applied, including "flash" freezing and storage below -70 degrees C. This is the preferred method for all neurochemical analyses if the option exists, although for enzyme and receptor binding, tissue frozen and stored at -20 degrees C can be used. Where possible, control material and cases of AD should also be included in the analysis. These data will provide individual or multiple centers with the answers to such questions as What are the neurochemical correlates of the mental and motor symptoms of DLB?, Are much reduced cholinergic activities in the neocortex a marker of DLB?, and Can responders to cholinergic therapy be identified biochemically? Remaining frozen tissue can be retained for measurement of other indices such as abnormally phosphorylated tau (not generally present to the same extent as in AD [13] 
Discussion.
The formulation of these diagnostic criteria is based on the supposition that DLB exists as a disorder with discernible pathologic and clinical boundaries. The potential overlap with other conditions causing dementia, notably AD and vascular dementia, must be considered, however, as must the relationship with PD. Molecular genetic studies may assist in describing the overlapping nature of these related disorders. AD and DLB, but not PD or "pure LB disease" without concomitant Alzheimer pathology, share an elevated alipoprotein epsilon 4 allele frequency, [30, 32] whereas the CYP2D6B allele is overrepresented in PD [33] and DLB [31] but not AD. Measures of specific antigens in CSF, including hyperphosphorylated tau and polyubiquitinated proteins, may also prove useful in differential diagnosis.
A single set of clinical diagnostic criteria encompassing the whole spectrum of LB disease would need to include presentations varying from motor PD to cases presenting with dementia. This diverse clinical heterogeneity would make such criteria difficult to apply in practice. This has been resolved by recognizing that DLB may either present as a primary neuropsychiatric syndrome, in which situation the important diagnostic discrimination is from other causes of dementia, particularly AD and VaD, or it may develop later in a patient already diagnosed as having PD. In such circumstances, the term PD with dementia should be used. A minimum of 12 months with "motor only" symptoms is recommended to define this latter category, a period that has been arbitrarily selected to guide clinical practice but may need revision when additional information becomes available about the genetic and pathologic differences between clinical phenotypes. One might anticipate that the hallmark features of primary DLB file://C:\Documents an...\Ovid McKeith Neurology, Volume 47(5)_November 1996_1113-1124.ht 7/6/2001 will be helpful in identifying those PD patients in whom neuropsychiatric disorder is associated with cortical progression of LB pathology.
Although clinicians prefer a diagnostic taxonomy, neuropathologists faced with the complexity of neurodegeneration in the brain often prefer to detail the pathology present. The neuropathologic assessments proposed provide both a descriptive diagnosis and a semiquantitative rating of pathologic burden. This allows both for a standard neuropathologic identification of DLB and for combined clinical and pathologic diagnoses to be made according to locally used terminologies. The CERAD protocol, which is a useful advance in systematically and reproducibly categorizing neuropathologic correlates of dementia, already encompasses not only AD and VaD but also PD. At the present time, cases corresponding to DLB by the Consortium criteria will be arbitrarily assigned in CERAD to categories 5a (definite Parkinson's disease with LBs) and 6 (PD-related changes). These new guidelines are intended to contribute toward future revisions of CERAD rather than constituting entirely independent pathologic criteria. The full CERAD protocol is, however, a considerable undertaking and does not need to be completed in full to make a pathologic diagnosis of DLB.
The clinical diagnostic criteria proposed represent a refinement of earlier systems [15, 16] and are equally applicable to patients with predominantly neuropsychiatric presentations and those in whom such symptoms follow an earlier diagnosis of PD. Many DLB patients will meet existing guidelines for the clinical diagnosis of AD [27] and should therefore be eligible to enter AD treatment and research studies. We recommend that the possible inclusion of DLB cases in clinically diagnosed AD research samples be taken into account both in study design and during the analysis and interpretation of data in such studies. Accurate estimates also need to be made of the prevalence of DLB in representative clinical and community based populations.
